It has been known for some time that chloroplast material can be dissolved by detergents 4 
Materials and Methods
Chloroplast preparations: Stroma-freed chloroplasts of Antirrhinum ma jus strain 50 and small fragments of the thylakoid membrane, termed ultrasonic supernatant, were prepared according to KANNANGARA et al. 8 . Stroma-containing chloroplasts from Nicotiana tabacum var. John William's Broadleaf and from the tobacco aurea mutant Su/su 2 were prepared as described earlier 9 .
Preparation of the chloroplast fractions: Amongst several variations the following procedure yielded the best results: Immediately after isolation an amount of stroma-freed chloroplasts corresponding to 2.38 g dry weight (volume 27 ml) was admixed to 27 ml of a solution composed of 0.1 mole NaCl and 0.1 mole Na2HP04 per liter. The mixture was made up to 172 ml with a 0.05 M NaCl, 0.05 M Na2HP04 solution. 26 .5 g sodium deoxycholate (Schwarz/Mann) were added under stirring. The final volume was 200 ml. The concentration of stroma-freed chloroplasts in the mixture was 11.9 mg/ml and the concentration of sodium deoxycholate 133 mg/ml. 11.2 mg sodium deoxycholate were used per mg of lamellar system. The mixture was stirred at room temperature in the dark for 15 hours and then centrifuged for 30 min at 31 000 g at 22 °C, which yielded a green sediment and a clear dark green supernatant. The sediment was lyophylized and was used later for nitrogen determina- tions. The supernatant (197 ml) was divided into two equal parts which were separated into two fractions each on two columns of Sephadex G 50 Fine (Pharmacia) . The first fraction was eluted with the void volume ( Fig. 1 a) . For equilibration of the columns (length 90 cm, diameter 10 cm) and for the elution of the fractions, a solution was used which contained 0.05 mole NaCl, 0.05 mole Na2HP04 and lOmmoles sodium deoxycholate per liter. The first fraction was concentrated from 2030 ml to 148 ml by ultrafiltration using a Sartorius apparatus SM 16525 and filter SM 12136. Gel filtration of this fraction through Sephadex G 100 yielded a separation into the three fractions 1, 2 and 3, from which the first dark green fraction was eluted with the void volume ( Fig. 1 b) . Fractions 2 and 3 were yellowish green in colour. The size of the column and the composition of the solutions used for equilibration and elution were the same as described above. Fraction 1 was concentrated by ultrafiltration from 740 ml to 142 ml. In 108 ml of this concentrated solution the phosphate was substituted by carbonate, by dialysis for 21 hours. Dialysis was carried out against a solution consisting of 0.05 mole NaCl, 0.05 mole Na2C03 and 10 mmoles sodium deoxycholate per liter. The detergent was removed from fraction 1 in carbonate solution by gel filtration through Sephadex G 75 (Fig. 1 c) . Elution was carried out with a solution containing 0.05 mole NaCl and 0.05 mole Na2CO:) per liter, but containing no detergent. The dimensions of the column corresponded to that used above. Fraction 2 was concentrated by ultrafiltration from 1445 to 65 ml, and fraction 3 from 1920 ml to 61 ml. The concentration procedures led to large losses in fractions 2 and 3. Both fractions were separated from detergent by gel filtration through Sephadex G 75 columns (length 90 cm, diameter 5 cm) (Fig. 1 c) . Elution was performed with a solution containing 0.05 mole NaCl and 0.05 mole Na2HP04 per liter. All fractions were cut as shown in the diagrams ( Fig. 1 a, b, c) . The fractions described in the following were all eluted with the void volume. The remainder (34 ml) of the above mentioned concentrated solution of fraction 1 in phosphate was treated, without dialysis against carbonate solution, as for fractions 2 and 3. When removing the detergent, fraction 1 aggregated on the column and could only be partially eluted. In all cases, gel filtration was carried out at 20 °C. The fractions obtained were dialysed against running deionized water. Part of the preparations was lyophylized and used for chemical analyses. The results from 5 preparations are listed in the tables, where possible. Values are given together with their mean errors of the average value. The large variations are partially due to the fact that slightly different concentrations of sodium deoxycholate were used in the individual preparations for solubilization of the stroma-freed chloroplasts. In addition, different amounts of stroma-freed chloroplasts were used.
The determination of chlorophyll and carotenoids and the analysis of colourless lipids were performed as described earlier 10 . The test for sodium deoxycholate was carried out by means of thinlayer chro-matography by comparing Rf-\alues, using precoated plastic sheets (Macherey, Nagel & Co., Polygram SIL N-HR). The solvent in all cases was a mixture of chloroform-methanol-ethylacetate 2 per cent ammonium hydroxide 50 : 25 : 25 : 1 -1.5 (v/v). In some cases chloroform-methanol-acetic acid-water 85 : 15 : 10 : 3.5 (v/v) was also used. A 5 per cent solution of phosphomolybdic acid in ethanol or conc. sulfuric acid were used for spraying. Nitrogen determinations were carried out according to K j e 1 d a hi. The conversion of nitrogen to protein was obtained using a factor of 6.0
For the determination of carbohydrates, 2 -3 mg of material were suspended in 0.1 N NaOH and the sugars determined according to the LUSTIG and LANGER procedure, modified according to WEIMER and MOSHIN 12 . We heated the assay mixture in a boiling waterbath for 20 min, and used galactose as a standard.
The molecular weight determinations were carried out at 20 °C in an analytical ultracentrifuge (Spinco Model E, Beckman), equipped with a photoelectric scanning system. Measurements of sedimentation speeds and the diffusion were carried out in double sector cells with the photoelectric scanning system at 280 and 670 nm. For determination of the apparent partial specific volumes a digital precision density measuring apparatus DMA 02 (Paar) according to STABINGER, LEOPOLD, and KRATKY was used. The solvents used were water, carbonate solution (0.05 M NaCl, 0.05 M Na2C03) or 0.05 M phosphate buffer pH 8.0 according to Serensen.
The determination of particle size by electron microscopy was as described earlier 13 .
The techniques used for obtaining the absorption spectra and determination of the circular dichroism have also been described earlier 14> 8 .
Preparation of the antisera: 1 mg antigen was suspended in 1 ml physiological sodium chloride solution (0.8 per cent) and emulsified with 1 ml of F r e u n d's adjuvant (complete, Difco). The emulsion was injected subcutaneously into the hindlegs of rabbits. 21 days later, 1 to 3 times 1 mg antigen was suspended in physiological sodium chloride and intravenously injected. To test for antibody formation, blood was withdrawn from the test animals before treatment and on the 7 th , 14 th and 21 st days after the last injection.
Precipitation tests with the antisera: The agglutination reactions were carried out as slide or tube tests. The agglutination titer was determined by the tube dilution method (dilution ratio 1/2) 15 . The amount of antigen was fixed at 1.5 mg/ml. Precipitation reactions were carried out on slides, in microtubes and in the gel diffusion test according to OUCHTERLONY 16 . The gel used consisted of 0.8 per cent agarose (L'lndust. Biologique Frangaise) in 0.06 M Serens e n phosphate buffer pH 7.4. Partial protein decomposition with proteases and the treatment of chloroplasts with EDTA has been described in earlier papers I7, 8 .
Light sources and measurements were as described previously 18 > 19 . The measurement of photochemical reactions catalyzed by chloroplasts and the chloroplast fractions, namely the Hill reaction, photophosphorylation and the photoreduction of methylviologen and anthraquinone-2-sulphonate, have been described in detail by RADUNZ et al. 18 . For the measurement of the photoreduction of methylviologen and anthraquinone-2-sulphonate, we used the manometric method described previously 18 and also a Pt-Ag oxygen electrode (Rank Bros. Bottisham, Cambridge, England) equipped with a Potentiometrie recorder (0 -1 mV span, 1.3 sec response time) from Control Instruments Ltd., Birkenhead, Liverpool, England. The assay mixture contained: 2 ml buffer composed of 0.075 mole tricine and 0.2 mole KCl per liter, pH 7.8 -8; 0.1ml 3.5-10~4 M DCMU; 0.5-1 ml chloroplast fraction; 0.1ml 0.6 M ascorbate, 0.1ml 2.58-10~2M 2,6 dichlorophenol indophenol; 0.1 ml NaCN of a solution of 32.8 mg/20 ml H20, and 0.1 ml 10~3M methylviologen or anthraquinone-2-sulphonate.
Preparation of the Chloroplast Fractions
It proved principally possible to obtain soluble protein preparations from stroma-freed chloroplasts according to the procedure of H e 1 e n i u s and Simons. A suspension of stroma-freed chloroplasts in an alkaline sodium chloride solution became clear upon the addition of a sufficient amount of deoxycholate. In order to minimize changes in the preparation, we substituted the sodium carbonate of H e 1 e n i u s by disodiumhydrogen phosphate. On an average, 87 per cent of the proteins were solubilized. The preparation was separated into two green fractions by filtration through Sephadex G 50 (Fig. I a) . The second fraction contained the major part of the chlorophyll and lipids. This fraction was discarded. The first fraction running with the solvent front was separated into three fractions by filtration through Sephadex G 100 (Fig. lb) . All three fractions were freed from detergent by means of Sephadex G 75 (Fig. lc) . Fraction 1, which contained the bulk of the proteins, aggregated during this procedure and was largely retained on the column. In order to prevent this aggregation, sodium carbonate was substituted for the sodium phosphate by dialysis before the separation of fraction 1 from deoxycholate. The aggregation was avoided due to the higher pH and the detergent readily removed by gel filtration. Fractions 1, 2 and 3 were eluted from the Sephadex G 75 columns by the void volume. The elution patterns of fractions 2 and 3 showed a pronounced shoulder. The main fractions were separated according to the elution patterns ( Fig. 1 ). All fractions were dialysed against flowing deionized water. Part of the preparations were directly used, the remainder was lyophylized and used for analyses.
Chemical and Physical Properties of the Preparations
After dialysis fraction 1 consisted of a clear bluegreen solution, whereas fractions 2 and 3 were yellowish-green in colour. Comparison of the absorption spectrum of fraction 1 with that of stroma-freed chloroplasts showed that the pigment content of fraction 1 was essentially lower than that of the starting material. The maximum of the protein absorption between 270 and 295 nm, which is obscured by lipid absorption of the stroma-freed chloroplasts, was observed in spectra of fraction 1 ( As seen in Table I , the protein content of fraction 1 was the highest whereas that of fraction 3 was the lowest. On the other hand, fraction 1 contained the lowest amounts of ether soluble components, fraction 3 containing the highest. For comparison, we would like to note that stroma-freed 20 . Fraction 1 had a chlorophyll content of approximately 4 per cent (Table  II) , whereas stroma-freed chloroplasts contained approximately 12 per cent chlorophyll 10 . Fractions 2 and 3 each contained only 1 per cent chlorophyll.
The ratio of chlorophyll a to b varied between experiments. These variations are thought to be due to different loadings of the columns. In one preparation of fraction 1, chlorophyll b was barely detectable. By sharper fractionation it should be possible to obtain preparations which eventually only contain chlorophyll a. The ratio of chlorophyll a to b in fractions 2 and 3 was approximately the same as in the starting material. It may be mentioned that the chlorophyll extracted from fraction 1 was still positive in the phase test according to M o 1 i s c h 21 , indicating that the chlorophyll was not allomerized, despite the unusual conditions to which it had been exposed during the preparation of the fraction. The carotenoid content of fractions 1 and 2 was approximately the same, whereas fraction 3 contained roughly double the amount of carotenoids compared to the previous fractions. However, considerably less carotenoids were present in fraction 1 than in stroma-freed chloroplasts, which contain on average 2 per cent 10 . In addition, the weight ratio of chlorophyll to carotenoids was shifted in favour of the chlorophyll. In fractions 2 and 3, this ratio was approximately the same as in stroma-freed chloroplasts. The ratio of the different carotenoids amongst themselves, which varied considerably from preparation to preparation, was very different in the 3 fractions. In fraction 1 three times more lutein than /5-carotene was found, whereas fractions 2 and 3 contained approximately equal amounts of these pigments. The extraction residue of fraction 1 contained 2.5 per cent carbohydrates. Fractions 2 and 3 were not analysed for carbohydrates due to the low yields. Since these fractions contained less proteins than fraction 1, it may be assumed that higher amounts of carbohydrates Molecular weights have been determined in the ultracentrifuge by measuring the sedimentation coefficients S (Fig. 3) , the diffusion coefficients D (Fig. 4) and the apparent partial specific volumes Table  III . Due to the low yield, only the sedimentation coefficient was determined for fraction 3. This value has not been so accurately determined as for the other fractions, due to the very low concentration of the samples. With an estimated partial specific volume of 0.75 and under the assumption that the particles are spherical, a molecular weight of approximately 100 000 was determined. As fraction 3 was eluted from the Sephadex column after fraction 2 ( Fig. 1 b) it was to be expected that fraction 3 had a lower molecular weight than fraction 2. This assumption is only valid if the number of bound deoxycholate molecules was proportional to the molecular weight in both fractions. From the chlorophyll contents shown in Table II and from the molecular weights in Table III , it is calculated that the particles of fraction 1 contained an average of 25 chlorophyll molecules per particle. Fraction 2 contained 0.8 and fraction 3, 1.2 chlorophyll molecules per particle, respectively. Assuming that each particle in fraction 3 contained one molecule, one can calculate a molecular weight of 82 000. The maximum of the red band of fraction 1 lay at 676 nm. This band is split in the circular dichroism spectrum into a negative band with an extremum at 683 nm and a positive band with an extremum at 676 nm (Fig. 6 a) . From this exciton splitting, it follows that at least two, but possibly all chlorophyll a molecules of a particle form an absorption unit 22 . The chlorophyll b present in this preparation had a dichroic band around 650 nm. The maxima of the absorption spectra of fractions 2 and 3 lay at 668 nm. Both fractions showed at least two weak dichroic bands, the long wavelength band belonging to the chlorophyll a and the short wavelength band to the chlorophyll b. An exciton splitting of the bands was not observed in these preparations (Fig. 6 b, c) . This cannot in any case occur, since each particle contained only one chlorophyll molecule. Because spectra of the circular dichroism are conformation dependent in the region of polypeptide absorption, we attempted to determine by means of polarimetry whether a denaturation of the proteins had occurred during the preparation. The spectra of fractions 1 and 2 shown in the Figs each had a positive band at 193 -194 nm and negative bands at 208 -209 and 222 -223 nm. Thus, the course of the absorption curve is characteristic of a considerable a-helix content. Quantitatively, the circular dichroism of the fractions differed so little from the circular dichroism of the fragments of the thylakoid membrane 14 that it may be concluded that no denaturation of the proteins had occurred during the preparation of the fractions. However, it cannot be excluded that small conformational changes of the polypeptides had taken place. Due to the low concentration of fraction 3, no satisfactory circular dichroism spectra were obtained, however as far as can be seen from the obtained spectra, the protein in fraction 3 was not denatured either.
We attempted to determine the size and shape of the particles of molecular weight 600 000 by electron microscopy. As in the case of the ultrasonic supernatant, we realized that the particles are so labile, that their true size and shape can hardly be determined by electron microscopy 8 . A most frequent value of 100 Ä in diameter was obtained by measuring a large number of particles. The particles appeared to be rod-like in some preparations which had been dried in a thick; layer. The thickness of the rods was between 40 and 50 Ä. We assume that the particles of fraction 1 are discs with a diameter of 100 Ä and a thickness of 40 -50 Ä.
Serological Reactions
Antisera to fractions 1, 2 and 3 and to their ether and methanol insoluble residues were obtained by immunization of rabbits. The three fractions were precipitated by the homologous antisera. The antisera to the extraction residues similarly precipitated the corresponding fractions. In addition, fraction 1 was precipitated by an antiserum to the coupling factor of photophosphorylation. In the Ouchterlony gel diffusion test, all fractions yielded one band identical with the antisera to the not extracted preparations. 1 to 2 additional weak precipitation bands were observed with each fraction. The common identical band was not due to a contamination of the three fractions by the same component, because the precipitation band was also identical with a band which was obtained when the fractions were tested with an antiserum to stromafreed chloroplasts.
Stroma-freed Antirrhinum chloroplasts were not agglutinated by the antiserum to fraction 1. However, a specific adsorption of the antibodies did occur as shown in the Coombs antiglobulin test 23 . Partial breakdown of the membrane proteins by proteases yielded a weak agglutination of the chloroplasts by antisera to fraction 1 and a complete agglutination by the antiserum to the extraction residue of fraction 1. Treatment of the chloroplasts with EDTA, which removes the coupling factor and other proteins, resulted in a weak agglutination by the antiserum to fraction 1 and a complete agglutination by the antiserum to the extraction residue, as in the case of protease treatment. In addition antigen determinants became exposed after ultrasonication of stroma-freed chloroplasts and complete agglutination occurred upon addition of the antisera to fraction 1. Hence, it may be concluded that the antigen determinants of fraction 1 are probably located in depressions of the outer surface and on the inner face of the thylakoid membrane. As the antiserum to the extraction residue of fraction 1 functioned like the antiserum to the not extracted fraction, and, since the extraction residue of fraction 1 consisted up to 80 per cent of polypeptides, the antigen determinants located on the outer and inner face of the thylakoid membrane are most probably components of protein molecules. Stroma-freed chloroplasts from Antirrhinum were agglutinated by the antisera to fractions 2 and 3. By pretreatment of the chloroplasts with proteases or sodium periodate, the degree of agglutination by antisera to fractions 2 and 3 was reduced. It follows that the antigen determinants of fractions 2 and 3, which are located on the outer surface of the thylakoids, consist partially of proteins and partially of carbohydrates.
Photochemical Reactions
Fraction 1 carried out the methylviologen M e hler reaction with dichloTophenolindophenol/ascorbate as electron donor (Fig. 9 a) . This activity was destroyed by heating the fraction for 5 min at 100 °C in a waterbath (Fig. 9 b) . With this fraction, the same M e h 1 e r reaction was observed with methylviologen than with anthraquinone-2-sulphonate (Table IV) . Anthraquinone-2-sulphonate reduction proceeds via the primary acceptor of photosystem 1 24 , whereas it is reasonable to assume according to the literature [25] [26] [27] that methylviologen is also directly photoreduced by excited P700 . The original Antirrhinum chloroplast preparation, from which these fractions have been obtained, exhibited a several-fold higher M e h 1 e r reaction with anthraquinone-2-sulphonate than with methylviologen (Table IV) . As fraction 1 carried out almost the same rate of anthraquinone-2-sul- phonate reduction than methylviologen, it is concluded that the primary acceptor for photosystem I must have been lost during preparation. Low rates of diphenylcarbazide-dependent ferricyanide photoreduction were observed in only a few preparations of fraction 1. Furthermore, no photosystem II activity was found in the purest fraction 1 preparations. In addition, we were able to obtain low rates of methylviologen-and FMN-dependent photophosphorylation in this fraction (Table V) . However, in neither preparation ferricyanide-nor benzoquinone-dependent photophosphorylation was detectable (Table V) . In one of the preparations PMSmediated cyclic photophosphorylation w T as ob- (Table  IV) . Both activities are most probably catalyzed by 2 distinct particles, because no electron transport between diphenylcarbazide and methylviologen was measured. In one preparation, an exceptionally high rate of 1000 //moles oxygen consumed/mg chlorophyll/h was observed in the methylviologen Meh-1 e r reaction. However, the activities in general varied between 110 and 305 //moles 0<>/mg chlorophyll/h (Table IV) .
Fraction 3 carried out the photoreduction of ferricyanide with diphenylcarbazide as the electron donor (Table IV) . The highest activity observed was 400 //moles ferricyanide reduced/mg chlorophyll/h. This reaction was inhibited by CMU and DCMU. Hydroxylamine and hydrazine could not substitute for diphenylcarbazide as the electron donor. Absolutely no photoreduction of methylviologen was observed with this preparation.
Effect of the Antisera on Electron Transport
The antiserum to fraction 1 did not influence the rate of electron transport by tobacco chloroplasts between DPIP/ascorbate and methylviologen. The same is true for the photoreduction of anthraquinone-2-sulphonate. Both reactions were tested in the presence of DCMU, thus limiting investigation to the photosystem I side of the electron transport chain. PMS-mediated photophosphorylation was not influenced by this antiserum (Table VI, VII ). An antiserum to extracted fraction 1 inhibited PMSmediated photophosphorylation of chloroplast preparations from green tobacco by 24 per cent (Table VI) . Chloroplast preparations from the tobacco aurea mutant Su/su 2 were inhibited by up to 38 per cent (Table VII) . The ferricyanide Hill reaction in the same chloroplast preparations was not influenced by either antiserum.
The antiserum to extracted fraction 1, however, inhibited methylviologen photoreduction with the DPIP/ascorbate electron donor couple in the ultrasonic supernatant by 100 per cent (Fig. 10) . However, the same reaction catalyzed by the ultrasonic sediment was inhibited by the antiserum to extracted fraction 1 by only 28 per cent (Fig. 11 ). This agrees with the fact that this antiserum agglutinates the lamellar system only after disrupture of the thylakoids by ultrasonication. HOMANN and SCHMID 9 in the presence of the antisera to the fractions 1, 2 and 3. The rates were obtained by illuminating for 5 min with 120 000 lux white light. The chloroplasts were incubated with the sera for 5 min prior to illumination.
Chloroplasts
Chloroplasts -f 0.1 ml antiserum to fraction 1 Chloroplasts + 0.1 ml null serum Chloroplasts + 0.1 ml antiserum to extracted fraction 1 Chloroplasts + 0.1 ml null serum Chloroplasts + 0.1 ml antiserum to fraction 2 Chloroplasts + 0.1 ml null serum Chloroplasts + 0.1 ml antiserum to fraction 3 Chloroplasts + 0.1 ml null serum Table VII . PMS-mediated photophosphorylation of chloroplast preparations from the tobacco aurea mutant Nie. tabacum var. Su/su 2 , prepared according to HOMANN and SCHMID 9 in the presence of the antisera to the fractions 1, 2 and 3. The rates were obtained by illuminating for 5 min with 120 000 lux white light. The chloroplasts were incubated with the sera for 5 min prior to illumination.
Chloroplasts 510 ± 65
Chloroplasts + 0.1 ml antiserum to fraction 1 450 Chloroplasts + 0.1 ml null serum 451
Chloroplasts + 0.1 ml antiserum to extracted fraction 1 326 Chloroplasts + 0.1 ml null serum 451
Chloroplasts + 0.1 ml antiserum to fraction 2 526 Chloroplasts + 0.1 ml null serum 488
Chloroplasts + 0.1 ml antiserum to fraction 3 628 Chloroplasts + 0.1 ml null serum 506
The antiserum to fraction 2 inhibited methylviologen photoreduction by chloroplast preparations from green tobacco (Fig. 12) . The anthraquinone-2-sulphonate M e h 1 e r reaction of such preparations was similarly impaired (Fig. 12) . The dependence of inhibition of the methylviologen M e h 1 e r reaction on the amount of added antiserum is shown in Fig. 13 with chloroplasts from green tobacco was 30 per cent and with chloroplasts from the tobacco aurea mutant Su/su 2 , 50 per cent. In order to explain this difference it should be noted that the lamellar system of the chloroplasts from the tobacco aurea mutant contains more extended intergrana regions than that of chloroplasts from green tobacco 28 . From this and corresponding results it may be concluded that the thylakoid membranes in the partitions are not accessible to antibodies.
Ultrasonicated Antirrhinum chloroplasts did not show any inhibition of methylviologen photoreduction upon addition of antiserum to fraction 2. This result clearly shows that the involved antigen determinants are either inaccessible or were destroyed by ultrasonication. PMS-mediated photophosphorylation of chloroplasts from green tobacco was not influenced by the antiserum, i. e. neither stimulated nor inhibited (Table VI) . This means that the inhibition site is located after the phosphorylation site. As expected, methylviologen-dependent photophosphorylation was inhibited by the antiserum to fraction 2 (Table VI) .
The antiserum to fraction 3 inhibited the ferricyanide Hill reaction of chloroplast preparations from green tobacco (Table VIII) . PMSand methylviologen-supported photophosphorylation were stimulated to the same extent as the Hill reaction was apparently inhibited (Table VI) . Thus, according to current concepts, the antiserum to fraction 3 inhibited on the photosystem II side of the electron transport chain only. The antiserum inhibited on the electron donor side of photosystem II because ferricyanide photoreduction with hydroxylamine as an electron donor was inhibited to the same extent as with water as an electron donor. However diphenylcarbazide-supported ferricyanide photoreduction was not inhibited (Table IX) . Thus, 
Discussion
A very extensive literature exists on the attempts to separate the lamellar system of chloroplasts into fractions which exhibit either photosystem I or photosystem II activity [31] [32] [33] [34] [35] [36] . This objective has hitherto only been partially fulfilled. Whereas many authors have reported on the successful preparation of chloroplast fractions in solution which exhibit only photosystem I activity, no report exists, to our knowledge, on chloroplast fractions in solution which are detergent-free and exhibit only photosystem II activity. KAHN has isolated fractions of relatively low molecular weight, which possibly exhibited only photosystem II activity [37] [38] [39] . HUZISIGE et al. prepared fractions showing only the DPIP-H i 11 reaction and no photosystem I activity 40 . However both types of preparations contained detergent. The papers do not prove that the photosystem II containing preparations of these authors would not have shown a photoreduction of methylviologen driven by photosystem I.
The present paper reports on the preparation of a chloroplast fraction with a molecular weight of 600 000. Each particle contained an average of 25 chlorophyll molecules. The chlorophylls may form a light absorption unit, as evidenced by exciton splitting of the red absorption band of the circular dichroism spectrum 41 . This fraction exhibited only photosystem I activity. An important fact to be noted is that no lipids such as galactolipids, sulpholipid and phosphatides were detected in this fraction, which nevertheless, exhibited photochemical activity. Furthermore, none of the chloroplast fractions used contained detectable amounts of deoxycholate. A second fraction with a molecular weight of 110 000 exhibited both photosystem I and photosystem II activity. On an average, each particle contained 1 chlorophyll molecule. The photosystem I and II activities are probably due to two distinct particles because no coupled electron transport between the photosystems was observed. This second fraction was also free from colourless chloroplast lipids. The third fraction with an estimated molecular weight of between 80 000 and 100 000 contained 1 chlorophyll per particle. This fraction exhibited only photosystem II activity as shown by the photoreduction of ferricyanide in the presence of the electron donor diphenylcarbazide. These facts namely that photosystem II activity only was observed, associated with a particle of relatively low molecular weight, in a detergent-free state, constitutes a basic difference from the other reports in the literature. The observation that photosystem I activity was associated with two distinct types of particles is not new 42 ' 43 ' 18 ' 36 . We do not wish to discuss in detail whether the small particles of fraction 2 are contained in the large ones of fraction 1 or whether two distinct types of photo-system I particles can be located in the lamellar system.
No indication of P700 was found in the spectrum of fraction 2, which contained only 1 chlorophyll molecule per particle; suggesting either that this preparation did not contain P700 , or that all of the P700 , if present, was in the oxidized state. The fraction 1 spectra do not allow a decision to be made on the presence of P700 before a curve analysis. No definite conclusions concerning the nature of the photosystems can be drawn from the chemical and physical properties of our fractions since the particles contained components which do not strictly belong to the photosystems. For example, the particles of fraction 1 contained the coupling factor of photophosphorylation. In addition, fraction 3 consisted of particles which contain either one molecule of chlorophyll a or one molecule of chlorophyll b. It is difficult to believe that the reactions of photosystem II are catalyzed in the same way by chlorophyll a and b. Furthermore, it should be remembered that all three fractions contained a common antigen determinant, that is, a common component, probably a protein. The relative amounts of the three fractions in the thylakoid membrane cannot be inferred from the ratios of the three fractions in vitro, since it cannot be excluded that different amounts of the fractions were lost in the preparative procedure.
In a series of papers, we have described attempts to localize certain components of the lamellar system in the thylakoid membrane by means of specific antisera 44 ' 45 ' 15 > 8 > 17, 46 > 47 . In each case, the assumption has been made that antibodies can only react with antigens if these are located on the surface of the thylakoids. If antigens are localized on the surface of the lamellar system, either agglutination occurs upon addition of antiserum to a suspension of stroma-freed chloroplasts, or the antibodies are only specifically adsorbed. In the latter case, an agglutination occurs only after addition of the dissolved antigen or of anti-y-globulin. If the agglutination does not occur after the specific binding of the antibodies, we assume that the antigen determinants are located in depressions of the thylakoid membrane, and that the agglutination of large particles is thereby sterically hindered. In addition, observations with chloroplasts which contain different quantities of stacked thylakoids can be interpreted to indicate that antigens which are located in the partitions are not accessible to antibodies. In cases in which the antigen-antibody reaction occurs only after disrupture of the thylakoids, we assume that the antigen determinants are localized on the inner surface of the thylakoid membrane or at the fracture. If the antigen determinants are to be localized on the free surface of the thylakoids, the morphological structure of the lamellar system must be intact. Thus no thylakoids should be disrupted and the thylakoids in the partitions should not be separated from each other. This appears to be the case in stroma-freed chloroplasts from Antirrhinum.
For the interpretation of results it must also be borne in mind that inhibition of a reaction can be due to the blocking of the active site of an enzyme or of a carrier by the antibody. Inhibition may also be due to the adsorption of antibodies at another site of the molecule. In this case the adsorption of an antibody can induce a conformational change of the protein molecule, which in turn may cause an inhibition or activation of the enzyme or carrier.
With these possibilities in mind, we are able to draw the following conclusions from our experiments. From the two inhibition sites of the methylviologen Mehler reaction, one of which reacts with antibodies to fraction 1, the other reacting with antibodies to fraction 2, we conclude that one site lies at the outside and the other on the inside of the thylakoid membrane. In the case of fraction 2 inhibition of the methylviologen Mehler reaction occurred upon addition of the antiserum, whereas in the case of fraction 1 an inhibition was only observed after disrupture of the thylakoids. In addition, a second antigen determinant of fraction 1 is localized in depressions of the thylakoid membrane. Antibodies to fraction 3 agglutinated stroma-freed chloroplasts and inhibited the photoreduction of ferricyanide with water as an electron donor. Consequently, at least one kind of antigen determinants lies on the surface of the thylakoids and adsorption to this determinant induces an inhibition of light reaction II. At a minimum 20 per cent of these inhibition sites lie outside the partitions in green tobacco chloroplasts. The experiments do not allow the conclusion that two different structural elements both exhibiting photosystem II activity must be considered.
Concerning the structure of the thylakoid membrane, our experiments have shown that antigen determinants are localized on the inside as well as on the outside of the thylakoid membrane, onto which the adsorption of antibodies leads to an inhibition of electron transport. As these antigen determinants are components of proteins, it must be concluded that proteins are located on the outside as well as on the inside of the thylakoid membrane.
Since it has also been recently shown that the hydrophilic groups of monogalactosyl diglyceride are located on the outer surface of the thylakoids 47 ,
